During 1984, 35 patients undergoing continuous peritoneal dialysis experienced 77 cases of peritonitis with 55 cases (71.4%) related to staphylococci. Coagulase-negative staphylococci were isolated in 41 cases, while Staphylococcus aureus was found in 14. A coexisting tunnel infection was more often associated with S. aureus (7/14) than with coagulase-negative staphylococci (2/41) (P < 0.01). Likewise, eradication of the infection necessitated catheter removal more frequently with S. aureus (5/14) than with coagulase-negative staphylococci (2/41) (P < 0.01). Of the 41 coagulase-negative staphylococci, 35 were characterized as to species, adherence, and production of two exopolysaccharides. Staphylococcus epidermidis was the most frequent coagulasenegative species (29/35). Peritonitis cases caused by coagulase-negative staphylococci that lacked adherence and exopolysaccharides were more frequently associated with complications (4/6) than were those organisms with either or both properties of adherence or exopolysaccharide production (5/29). There were no appreciable differences in antibiotic susceptibilities. Staphylococcal peritonitis remains a significant cause of morbidity in continuous peritoneal dialysis patients. The incidence of complications was not directly linked to staphylococcal properties of adherence or exopolysaccharide production.
Since continuous peritoneal dialysis (CPD) was first described in 1976 by Popovich et al. (7, 8 ; R. P. Popovich, J. W. Moncrief, J. B. Decherd, J. B. Bomar, and W. K. Pyles, Abstr. Am. Soc. Artif. Intern. Organs 5:64, 1976) , the technique has gained increasing popularity as an alternative to hemodialysis in the treatment of end-stage renal disease. A major problem with CPD is the high incidence of and complications from peritonitis. Although technical improvements are responsible for an overall reduction in the incidence of peritonitis, it remains the most serious medical problem facing the nephrologist and CPD patient (5) . Most centers report that staphylococci, especially coagulasenegative staphylococci, account for the majority of the cases of peritonitis (10) . The propensity for staphylococcal infection may be related to properties unique to this microorganism. Recently, Marrie et al. (6) , using electron microscopy to study the adherence of microorganisms to infected peritoneal catheters, demonstrated that the microorganisms and catheters were surrounded by an extensive amorphous glycocalyx. Previously, Christensen et al. (2, 3) identified an outbreak of intravascular catheter-associated infections caused by Staphylococcus epidermidis strains that had the capability to adhere to smooth plastic surfaces.
In an attempt to better understand the nature of staphylococcal peritonitis in our CPD patient population, all cases of peritonitis were studied during the year 1984. Staphylococci were characterized by species, adherence to plastic, production of two antigenic types of exopolysaccharides, and antimicrobial susceptibilities. The clinical course of each patient was examined for the occurrence of complications, and these in turn were correlated with the presence of the various staphylococcal characteristics.
( Characterization of exopolysaccharide production by staphylococcal isolates. Exopolysaccharide production was determined by an antiserum agar method (12, 13 epidermidis peritonitis who received intermittent peritoneal dialysis therapy while being studied. The total CPD population ranged in age from 14 to 77 years (average, 50.5 years). There were 34 males and 21 females. Of the total 55 patients, 35 experienced 77 cases of peritonitis. Of the 35 patients with peritonitis, 23% had chronic glomerulonephritis and 20% had diabetes mellitus; a disease incidence similar to that of the overall CPD population. The average age of the patients with peritonitis was 50.4 years. These 77 cases of peritonitis included 66 episodes and 11 recurrences. The overall incidence of peritonitis was 77 cases per 436 patient-months of dialysis therapy or 1.0 episode per 6.6 patient-months of treatment.
Microorganisms responsible for peritonitis. The different microorganisms isolated from the dialysate fluid are listed in Table 1 . The majority (71.4%) of the infections were caused by staphylococci, with S. aureus accounting for 18.2%, and coagulase-negative staphylococci responsible for 53.2% of the total cases of peritonitis. Of the 55 cases of staphylococcal peritonitis, 47 were episodes, while 8 were recurrences. This was not significantly different from the nonstaphylococcal cases (3 of the 22 were regarded as recurrences).
Characteristics of staphylococcal peritonitis. Table 2 lists the staphylococcal species responsible for the 55 cases of peritonitis. S. epidermidis was responsible for 29 (52.7%) of the 55 cases. There were six coagulase-negative staphylococci that were not identified to species. Coagulase-negative species other than S. epidermidis were infrequent, with only 6 (14.6% of the 41 coagulase-negative staphylococci) actually confirmed. Although S. aureus was associated with considerably fewer cases of peritonitis than were coagulasenegative staphylococci, S. aureus was far more likely to be associated with a tunnel infection (Table 3) . Also, eradication of the infection required removal of the peritoneal catheter significantly more often when S. aureus was involved (P < 0.01). Coagulase-negative staphylococci were responsible for 41 total cases of peritonitis, with 35 episodes and 6 recurrences. A tunnel infection was identified in two patients, but neither patient required catheter removal. Catheter removal was required in two patients with recurrent coagulase-negative staphylococci peritonitis for eradication of the infection.
Staphylococcal expression of adherence and exopolysaccharide production. Of the 55 staphylococcal strains, 42 were Likewise, no statistical significance could be attributed to the production of 1S or 1S/SD and the occurrence of complications (P > 0.20). However, when adherence and exopolysaccharide production were analyzed together, significance was closely approached (P = 0.055) by the occurrence of complications and the absence of both properties of adherence and exopolysaccharide production by the infecting coagulase-negative staphylococci.
Staphylococcal antibiotic susceptibility. Of the 55 staphylococcal isolates, 6 were intermediate or resistant to oxacillin. There were two complications among this group of patients. The majority (45 or 81.8%) of the staphylococcal strains were resistant to penicillin. Clindamycin resistance was demonstrated by 11 of the strains. There was no correlation between antibiotic susceptibility patterns and the occurrence of complications. There was also no correlation of antibiotic susceptibility patterns with the expression of adherence or exopolysaccharide production or both.
DISCUSSION
The incidence of staphylococcal peritonitis (71.4%) in our CPD patients parallels the experience in other institutions. Steigbigel and Cross (10) summarized the data collected from 14 reports describing a total of 422 episodes of peritonitis and found staphylococci to be responsible for 232 (55%) episodes. More recently, Dawson et al. (4), using a total volume culture technique, reported a slightly higher rate (67.3%) of staphylococcal recovery. Coagulase-negative staphylococci accounted for the majority (34%) of the staph- 9%) were S. epidermidis. This incidence of S. epidermidis is consistent with other studies of species identification of coagulase-negative staphylococci that relate S. epidermidis to be both the major species of clinical relevance and the predominate staphylococcal species colonizing human skin (1). Presumably, the high incidence of staphylococcal infections reflects the contamination of the dialysate delivery system by microorganisms colonizing the skin surface. S. aureus produces a more serious clinical course of peritoneal infection than do the coagulase-negative staphylococci. Our patients with S. aureus peritonitis were significantly more likely to have an associated tunnel infection and to require removal of the catheter before achieving adequate therapy despite extended antibiotic administration. Vas (11) also noted an association between S. aureus peritonitis and tunnel infection which required a more prolonged antibiotic course and frequently necessitated catheter removal.
Recently, considerable attention was directed toward properties of microorganisms that adhere to plastic surfaces as a factor in intravascular catheter-and also peritoneal catheter-associated infections (2, 3, 6) . Although the exact mechanism responsible for this adherence has yet to be fully delineated, several investigators noted an extensive amorphous material surrounding the catheter and microorganisms (2, 3, 6) . We previously reported that 64.3% of clinical S. aureus strains produced an exopolysaccharide antigenically identical to that of the SD strain (13) . The majority (71.4%) of the seven characterized S. aureus strains exhibited some degree of adherence. Although both properties were not always associated with the same strain, a similar number (71.4%) also produced an antigenically identified exopolysaccharide (SD or iS/SD). Adherence was commonly exhibited by the coagulase-negative staphylococci (82.4% of 35 strains), but an antigenically identified exopolysaccharide was much less common (34.3%). When coagulase-negative staphylococci were analyzed statistically for the influence of the expression of adherence or exopolysaccharide production or both on the frequency of complications, there was an association with the absence of both adherence and exopolysaccharide production.
Antibiotic susceptibility patterns could not be related to the expression of adherence or exopolysaccharide production. There was also no correlation between the antibiotic susceptibility patterns and the occurrence of complications. Only 6 of the 55 staphylococcal isolates were oxacillin resistant. There was also no correlation between the presence of these resistant microorganisms and the occurrence of complications. VOL. 23, 1986 on September 29, 2017 by guest http://jcm.asm.org/
Downloaded from
Our investigation demonstrated the significance of staphylococcal peritonitis in CPD patients. S. aureus was particularly difficult to eradicate without resorting to the removal of the peritoneal catheter. The majority of the staphylococci exhibited properties of adherence or exopolysaccharide production, but this was not associated with the occurrence of complications. Further studies are now in progress to determine the expressions of adherence and exopolysaccharide production by staphylococci that colonize CPD patients and a normal population.
